Irritable bowel syndrome (IBS) is a functional gut disorder with high prevalence. Because of various factors involved in its pathophysiology and disappointing results from conventional IBS medications, the treatment of IBS is challenging and use of complementary and alternative medicines especially herbal therapies is increasing. In this paper, electronic databases including PubMed, Scopus, and Cochrane library were searched to obtain any in vitro , in vivo or human studies evaluating single or compound herbal preparations in the management of IBS. One in vitro , 3 in vivo and 23 human studies were included and systematically reviewed. The majority of studies are about essential oil of Menta piperita as a single preparation and STW 5 as a compound preparation. Some evaluated herbs such as Curcuma xanthorriza and Fumaria officinalis did not demonstrate any benefits in IBS. However, it seems there are many other herbal preparations such as those proposed in traditional medicine of different countries that could be studied and investigated for their efficacy in management of IBS.
INTRODUCTION
Irritable bowel syndrome (IBS) is a functional gut disorder characterized by abdominal pain or discomfort, bloating, and bowel disturbances [1] with a higher prevalence ratio of women to men (ratio of 2:1) [2] . Studies from Asia suggest higher prevalence of IBS in more developed countries such as Singapore (8.6%) and Japan (9.8%) compared with India with the lowest prevalence (4.2%) [3] . The pathophysiology of IBS is most likely multifactorial involving visceral hypersensitivity, abnormal gut motility, intestinal microbiota, inflammation and immune disturbance, genetic factors, abnormal gas handling, psychosocial factors, intestinal infections, central nervous system, and serotonin [1, 4, 5] . Pharmacological treatment of IBS varies from antidepressants including tricyclic antidepressants [6] and selective serotonin reuptake inhibitors [7] , to antispasmodics [8, 9] , 5-hydroxytryptamine-3 receptor (5-HT3) antagonists [10] , 5-HT4 agonists [11] , antibiotics [12] , probiotics [13] , and melatonin [14] . But involvement of numerous factors in pathophysiology and a very significant EDITORIAL Online Submissions: http://www.wjgnet.com/1007-9327office wjg@wjgnet.com doi:10.3748/wjg.v18.i7.589 placebo effect [15] cause therapy of this disease to be more complex. Due to disappointing results with conventional IBS treatments, complementary and alternative medicines are becoming attractive options for many patients [16] . In the present paper, management of IBS by herbal medicines and their modes of action have been evaluated in detail. For this purpose, electronic databases including PubMed, Scopus, and Cochrane library were searched to obtain studies giving any in vitro, in vivo, or human evidence of the efficacy of herbs in the treatment of IBS. Data were collected for the years 1966 to 2011 (up to February). The search terms were: "complementary and alternative medicine", "plant", or "herb" and "irritable bowel syndrome". Reference lists of the retrieved articles were also reviewed for additional applicable studies. The title and abstract of each article were examined to eliminate duplicates, reviews, studies examining functional bowel diseases other than IBS, and studies assessing complementary and alternative medicines other than herbs. Figure 1 shows a flow diagram of the study selection process.
INVESTIGATED HERBAL PREPARATIONS IN IBS

Single preparations
Preparations containing only one herb and investigated in IBS are discussed below and also in Table 1 .
Aloe vera
Fifty-eight patients with IBS were randomized to receive Aloe vera or matching placebo for a month but no significant difference was found between Aloe and placebo groups [17] .
Curcuma species
Eight-week treatment of IBS patients with Curcuma longa extract tablet decreased IBS prevalence and abdominal pain/discomfort score significantly between baseline and after treatment. There were significant improvements in the IBS quality of life (QOL) scales. Approximately two thirds of all subjects reported an improvement in symptoms after treatment, and there was a favorable shift in self-reported bowel pattern [18] . In a randomized, doubleblind, placebo-controlled trial, IBS patients were randomly assigned to receive Curcuma xanthorriza or placebo. IBS-related pain increased in the Curcuma group and decreased in the placebo group. IBS-related distension showed a greater reduction in the placebo group compared to the curcuma group. Additionally, the global assessment of changes in IBS symptoms and psychological stress due to IBS did not differ significantly among the two treatment groups. Thus, Curcuma xanthorriza did not show any therapeutic benefit over placebo in patients with IBS [19] . Thus, the species of Curcuma used is an important factor in determining its efficacy in IBS. The efficacy of Curcuma in IBS may be due to bactericidal [20] , anti-inflammatory [21] , and spasmolytic [22] activities.
Cynara scolymus
Cynara scolymus was demonstrated to have both preventive and curative roles in IBS. The leaf extract of Cynara scolymus was evaluated in healthy volunteers suffering concomitant dyspepsia and showed a 26.4% fall in IBS incidence after treatment. A significant shift in selfreported usual bowel pattern away from "alternating constipation/diarrhea" toward "normal" was observed.
The nepean dyspepsia index (NDI) total symptom score significantly decreased by 41% after treatment. Similarly, there was 20% improvement in the NDI total QOL score in the subset after treatment [23] . When the leaf extract of Cynara scolymus was administered to patients with IBS for 6 wk, a significant reduction in the severity of symptoms was observed. Ninety-six percent of patients rated this extract better than or at least equal to previous therapies administered for their symptoms. Furthermore, the tolerability of Cynara scolymus extract was very good [24] . It was reported that Cynara scolymus affects intestinal microbiota [25] and has antispasmodic activity [26] .
Fumaria officinalis
The efficacy of Fumaria officinalis, because of its antispasmodic activity, has been investigated in IBS patients.
In the randomized, double-blind, placebo-controlled trial, IBS-related pain decreased more in the fumitory group compared to the placebo group. IBS-related distension decreased in the placebo group and increased in the fumitory group. Additionally, the global assessment of changes in IBS symptoms and psychological stress due to IBS did not differ significantly among the two treatment groups [19] . 
Menthe piperita
Essence Prospective double blind placebo-controlled randomized trial IBS patients -4 wk 75% of the patients in the treatment group showed a > 50% reduction of basal total IBS symptoms score compared with 38% in the placebo group (P < 0.009) a statistically significant reduction of the total IBS symptoms score in treatment group compared with T (0), while no change was found with the placebo
Randomized double-blind placebocontrolled study IBS patients -8 wk The number of subjects free from abdominal pain or discomfort changed from 0 at wk 0 to 14 at wk 8 in the treatment group and from 0 to 6 in controls (P < 0.001).
↓Severity of abdominal pain significantly in the drug group as compared to controls Improvement in the QOL in the treatment group There was no significant adverse reaction
Randomized, double-blind controlled trial IBS patients -2 wk 76% of the patients receiving peppermint oil reported changes in the severity of symptom scale at the end of trial compared with 19% receiving placebo
Improvements in the change of symptom scale in 71% of the patients receiving peppermint oil compared with 43% receiving placebo other herbal preparations [9, 31] . In a prospective, randomized, double-blind, placebo-controlled clinical study, the efficacy of an enteric-coated peppermint oil formulation was evaluated in outpatients with IBS. Seventy-nine percent of patients on Mentha capsule experienced an alleviation of the severity of abdominal pain, 83% had less abdominal distension, 83% showed a reduced stool frequency, 73% had fewer borborygmi, and 79% less flatulence. Corresponding figures for the placebo group were: 43% with reduced pain, 29% with reduced distension, 32% with reduced stool frequency, 31% with fewer borborygmi, and 22% with less flatulence. Symptom improvements after Mentha capsule were significantly better than after placebo. No significant side effect was seen in the Mentha group and peppermint oil was well tolerated [32] . In another randomized, double-blind, placebo-controlled study conducted on outpatients with IBS, the number of subjects free from abdominal pain or discomfort changed from 0 at week 0 to 14 at week 8 in the peppermint oil group and from 0 to 6 in the placebo group. The severity of abdominal pain was reduced significantly in the peppermint group as compared to the placebo group. Furthermore, peppermint oil capsule significantly improved the QOL. No significant adverse reaction was reported from peppermint oil capsule [33] . In another study, the effectiveness of an enteric-coated peppermint oil capsule was evaluated in patients with IBS in whom small intestinal bacterial overgrowth, lactose intolerance and celiac disease were excluded. The symptoms evaluated were: abdominal bloating, abdominal pain or discomfort, diarrhea, constipation, feeling of incomplete evacuation, pain at defecation, passage of gas or mucus and urgency at defecation. The number of patients who
Hypericum perforatum
Hypericum perforatum is a popular herbal medicine for the treatment of depression and it may be beneficial in the management of IBS by modulating psychological stress and serotonin [27] . The efficacy of Hypericum perforatum (St John's wort) was evaluated in IBS patients during a 12-wk randomized, double-blind, placebocontrolled trial. The overall bowel symptom score (BSS) from baseline was decreased both in Hypericum and placebo groups whereas the placebo arm showed significantly lower scores at the end of treatment. Individual BSS for diarrhea (D-BSS), constipation (C-BSS), pain or discomfort, and bloating, adequate relief (AR) of IBS of at least 50% during the last 4 wk of therapy and IBS quality-of-life score showed greater improvement in the placebo group when compared with the Hypericum group. Thus Hypericum perforatum showed lower efficacy for treatment of IBS than placebo [28] . Another study showed that Hypericum perforatum can improve the psychologic symptoms and the ANS reactivity to stress and relieve intestinal symptoms in women with IBS. In patients with IBS, intestinal symptoms of IBS were also relieved significantly [29] .
Maranta arundinacea
The efficacy of powdered root of Maranta arundinacea (Arrowroot) was assessed in patients with diarrhea predominant-IBS. It reduced diarrhea with a long-term effect on constipation. It also reduced abdominal pain [30] .
Mentha × piperita
The evidence for the efficacy of essential oil of Mentha × piperita (peppermint oil) in IBS seems to be more than No significant differences between groups in the Gas- showed reduction of the basal total IBS symptoms score in the peppermint oil group was greater than that in the placebo group [34] . In a randomized, double-blind controlled trial of children with IBS, 75% of those receiving peppermint oil showed a reduced severity of pain associated with IBS. At the end of the trial, the peppermint oil group reported a more significant improvement in the change of symptom scale than the placebo group. Symptoms such as changes in abdominal rumbling, abdominal distention, belching, gas, and heartburn exhibited no changes when peppermint oil was compared with placebo. The most predominant effect of peppermint oil was reduction in the severity of abdominal pain. No side effects were reported by either the investigator or patients during the 2-week study period [35] . Mentha was shown to have antimicrobial [36] and antispasmodic [37] activity and cause reduction in gastric motility [38] .
Paeonia lactiflora
The root of Paeonia lactiflora is used in many herbal preparations for IBS. Paeoniflorin (PF) is one of the principle active ingredients of the root of Paeonia lactiflora. A dose-dependent analgesic effect was produced by both intraperitoneal and central administration of PF on visceral pain in rats with neonatal maternal separation. Further investigation showed that this effect may be mediated by kappa-opioid receptors and α (2)-adrenoceptors in the central nervous system [39] .
Plantago psyllium
The efficacy of seed from Plantago psyllium in IBS was determined during a randomized controlled trial. The proportion of responders was significantly greater in the Plantago group than in the placebo group during the first month and the second month of treatment. After three months of treatment, symptom severity in the Plantago group was reduced by 90 points, compared with 49 points in the placebo group. No differences were found with respect to QOL [40] .
COMPOUND PREPARATIONS
Preparations containing more than one herb are discussed below and summarized in Table 2 .
Carmint
Carmint is an Iranian herbal medicine containing total extracts of Melissa officinalis, Mentha spicata, and Coriandrum sativum. Thirty-two IBS patients randomly received either carmint or placebo, plus loperamide or psyllium (based on their predominant bowel function), for 8 wk. The severity and frequency of abdominal pain/discomfort were significantly lower in the carmint group than the placebo group at the end of the treatment according to severity and frequency of bloating [41] .
A Chinese herbal medicine A randomized, double-blind, placebo-controlled trial was conducted to determine whether a Chinese herbal medicine (CHM) is of any benefit in the treatment of IBS. This formulation composed of 20 different herbs (Table 2) . Compared with patients in the placebo group, patients in the CHM groups showed a significant improvement in bowel symptom and global improvement scores as rated by patients and by gastroenterologists. Patients reported that treatment significantly reduced the degree of interference with life caused by IBS symptoms [42] .
Padma Lax
Padma Lax, a complex Tibetan herbal formula (Table 2) , was evaluated for safety and effectiveness in treating constipation-predominant IBS in a 3-mo double-blind randomized pilot study. Significant improvement was demonstrated after 3 mo in the Padma Lax group compared to placebo in constipation, severity of abdominal pain, daily activities, incomplete evacuation, abdominal distension and flatus/flatulence. Significantly more Padma Lax patients than placebo patients rated the current treatment superior to previous therapies tried for IBS. Laboratory parameters displayed no clinically significant changes. The primary side effect of Padma Lax was loose stools which improved by lowering dose [43] .
STW 5
STW 5 (Iberogast), a formula composed of hydroethanolic extracts of nine herbs, has been prepared for functional gastrointestinal disorders like IBS and its efficacy and mechanisms of action were investigated in several studies. It was significantly better than placebo in reducing the total abdominal pain and the IBS symptom scores. In a double-blind, placebo-controlled, multicentre trial, STW 5-Ⅱ, another formula composed of 6 of 9 herbal extracts used in STW 5, and a preparation containing only one of 9 herbal extracts (extract of Iberis amara) were compared with placebo. STW 5-Ⅱ like STW 5 showed more significant reduction in the total abdominal pain and the IBS symptom scores compared with placebo. There were no statistically significant differences between the mono-extract group and the placebo group [44] . Different mechanisms have been proposed for the efficacy of STW 5 in IBS. A study evaluating STW 5 effects on mucosal secretion in human intestinal mucosa/ submucosa preparations and in the human epithelial cell line T84 suggested that this herbal preparation is a secretogogue in the human intestine by direct epithelial actions and through activation of enteric neurons. The prosecretory effect is due to increased epithelial chloride fluxes via cystic fibrosis transmembrane conductance regulator and calcium dependent chloride channels [45] . STW 5 was studied in vitro for binding affinities to serotonin (5-HT3 and 5-HT4) and muscarinic (M3) receptors of the intestine that play central roles in the etiology of IBS. STW 5 showed binding affinity to 5-HT4, M3 and to a lesser degree 5-HT3 [46] . STW 5 has also controlled visceral hypersensitivity by reducing intestinal afferent sensitivity to mechanical and chemical stimuli in the upper gastrointestinal tract in male Wistar rats. Following the different doses of serotonin and bradykinin, the peak in afferent nerve discharge was always reduced after pretreatment with STW 5 compared to controls. The ramp distension of the intestinal loop stimulated a rise in intestinal afferent nerve discharge that was lower in the STW 5 pretreated group compared to controls [47] . STW 5 decreased acetylcholineand histamine-induced contraction of guinea pig ileum.
This was also true for extracts of some constituents of this compound formula including Mentha piperita leaf, Matricaria recutita flower and Glycyrrhiza uralensis root. Extract from Iberis amara, however, showed no spasmolytic action; on the contrary, it increased the basal resting tone and contraction of atonic ileal segments. These data may explain, at least in part, the clinically observed therapeutic efficacy of STW 5 in both hypotonic and spastic dysmotility symptoms of IBS [48] . Another study on STW 5 and its components showed that STW 5 evoked a relaxation of the proximal stomach but increased antral motility whereas both effects are myogenic. The extracts of Angelica sinensis root, Matricaria recutita flower and Glycyrrhiza uralensis root mimicked the inhibitory effects in the proximal stomach whereas the extracts of Chelidonium majus, Melissa officinalis leaf, Carum carvi fruit and Iberis amara increased motility of the proximal stomach. All extracts increased motility in the antrum comparable to the effects of STW 5 [49] . These data justify the differential effect of STW 5 which is a result of the combined actions of its individual components explaining the clinically observed therapeutic efficacy of STW 5 in both hypotonic and spastic dysmotility symptoms of IBS. Moreover, STW 5 reduced inflammation-induced alterations in ileum/jejunum segments. The effects were associated with a restoration of the disturbed acetylcholine-induced contraction, pathohistological protection and inhibition of tumor necrosis factor (TNF)-α [50] .
A traditional Chinese medicine
Therapeutic efficacy of a traditional Chinese medicine (TCM) ( Table 2 ) was investigated in patients with diarrhea-predominant IBS. There was no significant difference in the proportion of patients with global symptom improvement between the TCM and placebo groups. Moreover, there was no difference in individual symptom scores and the quality-of-life assessment between the two groups [51] .
Tong-xie-ning
Tong-xie-ning (TXNG) is a traditional Chinese medicine composed of four different herbs. The efficacy of this preparation was evaluated in diarrhea predominant-IBS patients by a prospective, randomized, double-blind, placebo-controlled trial. IBS-related pain measured by the numeric pain intensity scale in the TXNG group, significantly decreased as compared with the placebo group. A total of 82.7% of the patients reported a reduction in IBS-related pain in the TXNG group compared with 39.3% in the placebo group. Furthermore, there was a significant reduction in the frequency and the duration of abdominal pain between the TXNG group and the placebo group. In addition, IBS-related stools improved in form or appearance in the TXNG group in comparison to the placebo group. The stool frequency was significantly decreased in the TXNG group compared with the placebo group. Moreover, stool passage (urgency or feeling of incomplete rectal emptying) in the TXNG group was significantly improved when compared with the placebo group. There was a 20.7% and 42.9% loss of appetite in the TXNG and placebo groups, respectively. An observable improvement in IBS-related diarrhea was seen in 86.2% of subjects in the TXNG group and 42.9% of subjects in the placebo group. There was no statistical difference in either the effective time of IBS-related pain or the effective time of IBS-related diarrhea between the two groups. However, the IBS-related pain alleviation time and the IBS-related diarrhea alleviation time in the TXNG group were markedly shorter than those in the placebo group [52] .
Tong-Xie-Yao-Fang
Tong-Xie-Yao-Fang (TXYF) is a prescription in TCM, prepared from four herbs ( Table 2) . A study was done to compare the efficacy of this formulation with Myarisan, a probiotic formulation, in treating diarrhea-predominant IBS. No significant difference between the two groups in terms of the total efficacy or the scores of symptoms before and after treatment was found. In this study, the number of activated mast cells was decreased in the TXYF group after treatment, showing a significant difference as compared with that before treatment as well as with that in the Myarisan group after treatment. This result suggested that the mechanism of action of TXYF might be through adjustment of mast cells activation to decrease visceral hypersensitivity [53] . This product has been investigated in experimental visceral hypersensitivity models that showed a dose-dependent analgesic effect. It significantly decreased serotonin levels in serum and CRF concentrations in the brain. Moreover, it was found that visceral hypersensitivity alleviation by TXYF was dependent on substance P (SP) expression in the colon mucosa [54] .
C-IBS and DA-IBS formulations
The efficacy and tolerability of C-IBS (Table 2) , a formula designed to treat constipation-predominant IBS, and DA-IBS, a formula designed to treat diarrhea-predominant and alternating bowel habit IBS, were evaluated in an uncontrolled study. Ingestion of the DA-IBS formula was associated with a small, but significant, increase in bowel movement frequency. Reductions in straining, abdominal pain, bloating, flatulence, and global IBS symptoms were also demonstrated in patients using this formula. Subjects in the C-IBS group experienced a 20% increase in bowel movement frequency and significant reductions in straining, abdominal pain, bloating, and global IBS symptom severity, as well as improvements in stool consistency. Both formulas were well-tolerated [55] .
CONCLUSION
In this paper, different herbal preparations investigated for the management of IBS and their possible mechanisms of action were reviewed. Among the single preparations, the most evidence for efficacy in IBS patients was found for essential oil of Mentha piperita. Some single preparations including Aloe vera, Curcuma xanthorriza, Fumaria officinalis showed no benefit in IBS. There are conflicting results for the efficacy of Hypericum perforatum in IBS. Among compound preparations, most studies had been performed with STW 5, a formula containing hydroethanolic extract of 9 herbs. Hopeful results come from the efficacy of this herbal preparation in the management of IBS with different mechanisms of action such as anti-inflammatory, prosecretory activity, and affecting gastrointestinal motility. Because of multifactorial nature of the pathophysiology of IBS, it seems that compound preparations can be more efficacious than single ones. Despite the wide prevalence of IBS, there are few studies on the use of herbal medicine in IBS and most studies in this area have focused on the use of peppermint oil and STW 5; while it seems that more effective herbal preparations can be found. For example, in traditional Iranian medicine (TIM) many single and compound herbal preparations have been introduced for the management of various gut disorders such as IBS [56] . Among the herbal contents of this preparations, oleogumresin from Boswellia carterii, fruit of Trachyspermum amum, flower of Eugenia caryophyllata, gall of Quercus infectoria, seed of Nigella sativa, fruit of Cuminum cyminum, tabasheer (a hard, whitish, translucent substance extracted from the joints of different Bambusa species), and fruit of Cucurbita pepo can be stated [57] [58] [59] . There is evidence in modern phytotherapy for the beneficial effects of these plants in IBS. Boswellia carterii has shown anti-inflammatory [60, 61] and immunomodulatory activity [62] . An in vitro study demonstrated that Trachyspermum copticum has a beneficial effect on intestinal microbiota by inhibiting the growth of potential pathogens [63] . Eugenia caryophyllata has anti-inflammatory [64] , immunomodulatory [65] , and antimicrobial [66] properties. Gall of Quercus infectoria possesses anti-inflammatory [67] and antibacterial [68] activity. Nigella sativa showed anti-inflammatory, antimicrobial, and immunomodulatory activity [69] . Antimicrobial properties were reported for Cuminum cyminum [70] and Cucurbita pepo [71] . However, more studies are required to get more conclusive results about the efficacy of these herbs in IBS.
